Harmonics reduce power quality and increase inefficiency. Although light emitting diode (LED) bulb has been considered more efficient than previous bulb technologies; its internal circuits potentially generate additional problems. This paper has surveyed 6 LED bulb samples and measured the harmonics generated by the internal circuits. As a result. 7 Watt type B LED bulb produces the highest 3rd order harmonics current which is incompatible with IEC61000-3-2 Class C. A prototype of LC filter is designed to decrease the harmonic level. The measurement shows that the designed passive filter is able to reduce at least 81.3% of harmonics.
Introduction
Light emitting diodes (LED) is designed to fulfil the necessity of efficient light bulb as lighting consumes about 20% of total world energy [1] [2] . LED bulb is supplied by electricity source through an AC/DC converter, driving light controller circuits [3] . This flyback circuit as shown in Figure 1 , has transformer and capacitor that potentially produce harmonics. The primary coil is to control voltage on fly-back. This bootstrap coil controls the transistor and MOSFET voltages. When starting up. No power produced in bootstrap. Therefore; the start-up regulator such as LR645 and LR8 are employed. After bootstrap produces power, the regulator is off. This fly-back circuit is built in the LED bulb as in Figure 2 .
Switching on MOSFET fly-back circuit results electric waveforms which are different from the fundamental one [4] . It results harmonic distortion. Harmonic is defined as a current or a voltage that has frequency folding of its fundamental [5] . These harmonics are unwanted in electrical system. Third harmonic distortion (THDi and THDv) are used to measure harmonic level [6] . In order to comply with IEC61000-3-2 Class C requirement, these harmonics should be reduced. This paper reports harmonic reduction on LED bulb through simulation and implementation. Table 1 plots survey results on harmonics generated by the 6 selected LED bulb of 7 Watt. The survey employed power Q fluke 435 and the power logic PM5330 Schneider electric. The harmonic is bigger than the permitted threshold; as standardized by IEC 61000-3-2 class C. As shown in Table 1 , LED B has the highest THDi 154.8 %. The third order harmonic is 90.3%, the fifth is 76.1%. The 7th, 9th, 11th, 13th and 15th are 58.6%, 42.1%, 31%, 27% and 26%. Based on this fact, the designed filter is intended for overcoming harmonics in LED bulb B.
Research methods
This research performs simulation and implementation of passive filter design. Simulation is to mimic the real situation. Afterward, L and C values are calculated. In implementation, inductor is designed by using transformer, creating multiple inductor networks.
The result is then tested by using either simulation or measurement. Figure 3 shows the snapshots of harmonic values generated by LED bulb B which is used as the basic of LC filter design. Figure 4 represents the system in simulation. 
If it is assumed that power factor is corrected to 0.98, the load current is:
The capacitor is calculated by using: 
QC = P(tan φawal -tan φtarget)
The capacitor value for 8.16 VAR is:
The inductor is calculated as:
and:
Based on harmonics orde:
Then:
The inductor (L) is:
This value is then examined by applying this LC to system model in Figure 4 and implemented by using real circuit.
Simulation results
By locating the calculated LC parallel to the system model on Figure 4 , the harmonic reduction can be analysed. The filter position is illustrated in Figure 5 and simulation model is depicted in Figure 6 . Simulation shows that the inserted LC filter is able to reduce harmonics values as outline in Table 2 . 
Implementation results
Capacitor is easily found in market. However, inductor is tricky to design. In order to produce 13.64 H inductor, the size and number of turn are calculated as follows: 
The air gap is:
x 10 4 = 2,75247 x10
Its realization is shown in Figure 7 . The harmonics value after measuring the implemented filter is shown in Table 3 . The comparison harmonics in LED bulb, simulation with LC filter and measurement with LC filter is shown in Figure 8 . Based on Figure 8 , by adding LC filter with C=0.562 μF and L=13.64 H is simulation model, the total current harmonics (THDi) is reduced 91% and average individual harmonic current decreases to 96.3%.
By implementing the LC filter uses capacitor and transformer; THDi decreases THDi up to 89.80% and average individual harmonic current (IHDi) 91 %.
Conclusions
It has been shown that even LED bulb is design to efficiently using the electricity; its internal circuit produces harmonics. By proposing a simple LC filter, the THDi and IHDi are successfully reduced. The simulation show that LC filter produces 91% THDi and average individual harmonic current decreases to 96.3% while real implementation gives THDi 89.80% and IHDi 91 %.
